Background. Peak expiratory flow (''peak flow'') predicts important outcomes in older persons. Nevertheless, its clinical application is uncertain because prior strategies for reporting peak flow may not be valid. We thus determined the frequency distribution of peak flow by the conventional strategy of percent predicted (%predicted) and by an alternative method termed standardized residual (SR) percentile, and evaluated how these two metrics relate to health status in older persons.
P
EAK expiratory flow (''peak flow''), defined as the maximum flow achieved during expiration delivered with maximal force starting from maximal lung inflation (1), offers several advantages that warrant its consideration as a risk assessment tool in older persons. First, it is a simple, inexpensive, and readily available measure of pulmonary function (1) . Second, in older persons, peak flow is crosssectionally associated with health status and physical and cognitive function (2) (3) (4) (5) . Third, reduced peak flow in older persons predicts cognitive decline, institutionalization, and mortality (6) (7) (8) . Fourth, in many cases, these associations persist even after adjustment for smoking status (2, 4, 5, 8) . The applicability of these findings to clinical practice and epidemiological research is limited, however, because peak flow was not appropriately compared to the predicted mean (i.e., the reference value) in a normal population having similar anthropometric variables (1, 9) . Rather, peak flow was expressed either as a measured value, without comparison to the predicted mean (3, 4, 6, 7) , or as the residual difference between a measured and predicted value, which was neither standardized nor based on a correctly calculated predicted mean, i.e., relied on weight as a predictor variable (2, 5, 8) . In contrast to height, age, gender, and ethnicity, weight is not an accepted variable to calculate the predicted mean, as it can adversely affect pulmonary function (1, (9) (10) (11) (12) .
The reporting of peak flow, and pulmonary function in general, is further complicated by current recommendations that may not be applicable to older persons (1, 9) . Presently (11) , pulmonary function is reported as percent predicted (%predicted), i.e., (measured/predicted) 3 100. It has been customary to then equate 80 %predicted with the lower limit of normal (1,9-11). Two concerns are raised, however, regarding the use of %predicted among older persons. First, prior work suggests that the cutoff of 80 %predicted may not apply (1, (9) (10) (11) . Second, because the scatter of measured values about the predicted mean in older persons is independent of pulmonary function, there is no empirical basis to divide what is measured by that which is predicted (1, 9) . A fundamental issue thus arises, namely how peak flow should be reported in older persons.
To address these problems, peak flow may be reported by an alternative method termed standardized residual (SR) (1,9), i.e., (measured -predicted)/(standard deviation of the residuals). In this equation, the numerator is referred to as the residual, while the denominator is a constant that quantifies the scatter of measured values about the predicted mean (1, 9) . Thereafter, percentiles based on the SR are computed or taken from published tables (9), e.g., SR ¼ À1.64 is the 5th percentile, SR ¼ 0 is the 50th percentile, and SR ¼ 1.96 is the 97th percentile. Although endorsed by the European Respiratory Society in 1993, SR percentiles were not mentioned in the 2005 recommendations of a combined American Thoracic Society and European Respiratory Society task force regarding the reporting of pulmonary function (9, 11) . A potential impediment is the absence of evidence demonstrating that SR percentiles are associated with measures of health status in older persons.
In the present study, we set out to compare the frequency distribution of peak flow when expressed as %predicted and SR percentile and to determine how these two metrics of pulmonary function relate to health status in older persons. Such findings may provide insight into the relevance of SR percentile as a method to rigorously evaluate the use of peak flow as a risk assessment tool in older persons.
METHODS

Study Population
Participants were members of an ongoing longitudinal study of 754 community-dwelling persons, 70 years old or older, who were nondisabled in four essential activities of daily living (ADL)-bathing, dressing, walking, and transferring from a chair (13) . Exclusion criteria included significant cognitive impairment with no available proxy, inability to speak English, diagnosis of a terminal illness, and a plan to move out of the area during the next 12 months. Persons who scored . 10 seconds on the rapid gait test were oversampled to ensure a sufficient number of participants at increased risk for ADL disability (14, 15) . The participation rate was 75.2%. The study protocol was approved by the Human Investigation Committee.
Data Collection
At baseline, participants underwent an in-home assessment by a trained research nurse. Data were collected on demographics, smoking status, nine self-reported, physiciandiagnosed chronic conditions, five indicators of frailty, and cognitive status. Chronic lung disease was present if the participant answered ''Yes'' to ''Has a doctor ever told you that you have chronic lung disease such as chronic bronchitis, chronic obstructive pulmonary disease (COPD), asthma, or emphysema?'' Frailty was operationalized based on three or more of the following indicators (16)-slow gait speed, weight loss, exhaustion, inactivity, and reduced grip strength-whereas prefrailty was identified if only one or two of the frailty-related indicators were present. Cognitive status was evaluated by the Mini-Mental State Examination (17) , with an abnormal score being , 24.
Peak flow was assessed via a Mini-Wright meter (Clement Clarke International; Essex, U.K.), as described in Figure 1 . The measured peak flow was recorded as the highest value achieved during three attempts (1) . Of the 754 participants, 750 (99.5%) completed three peak flow readings, and 3 achieved at least one reading, leaving 753 in our study population. The peak flow test was largely performed standing (96%) and with good-to-excellent understanding (93%). Variability in effort was minimal with the intraclass correlation coefficient for the three peak flow readings being 0.92.
Statistical Analysis
Expressing peak flow as %predicted or SR percentile requires comparison of a measured value with a predicted mean derived from ''normal'' participants having similar anthropometrics (1,9-11). In the current study, a subgroup of normal participants was defined as never-smokers who at study entry had no history of lung disease, myocardial infarction, congestive heart failure, stroke, and/or cancer. Two regression models were fit, one for the ''normal'' male group and the other for the ''normal'' female group. In each model, a variable representing measured peak flow was regressed on prediction variables for height and age. The resulting predictive equations were used to calculate the predicted peak flow, and thereafter %predicted and SR percentile according to methods previously described (1,9-11).
Next, we categorized measured peak flow based on current clinical practice. For example, the National Asthma Education and Prevention Program uses peak flow cutpoints at 80% and 50% of one's personal best to define asthma severity (18) . Similarly, the Global Initiative for Obstructive Lung Disease (GOLD) (19) has established a ''staging'' scheme for COPD based on the forced expiratory volume in 1 second (FEV1), with cut-points set at 80, 50, and 30 %predicted. Although these spirometric cut-points have not been validated, they remain a standard of clinical practice (19) , and are used in the current study. However, because a large number of participants had peak flow values below the 30th SR percentile, we added a lower stage. Hence, our staging cut-points were 80, 50, 30, and 10, expressed as %predicted and SR percentile. To determine whether these two metrics of pulmonary function could discriminate differences in health status, we regressed select measures of health status on both %predicted and SR percentile in unadjusted binomial regression models, yielding risk ratios as measures of association. Peak flow stages were treated as nominal categories, with the category representing best peak flow as the reference group. Measures of health status included chronic lung disease and frailty. Three indicators of frailty-slow gait, inactivity, and exhaustion-were specifically selected for analysis as they reflect endurance, an attribute that may decline with reductions in peak flow. SAS (version 9.1.3; SAS Institute, Cary, NC) was used for all analyses, and a p value of .05 (two sided) was used for all tests of statistical significance.
RESULTS
As shown in Table 1 , participants had a mean age of about 80 years, were largely female and white, and were not cognitively impaired. Smoking exposure was substantial with 8.4% and 55.3% being current or former smokers, respectively. About one quarter of participants were frail, with an additional 51.4% being prefrail. The five most prevalent chronic conditions were hypertension, arthritis, diabetes, myocardial infarction, and chronic lung disease. Table 2 provides results of the multiple linear regression models and the resultant predictive equations for peak flow in ''normal'' participants. Of note, although age was not a significant coefficient in the male regression model, it was nevertheless retained, as it is a relevant determinant of pulmonary function across age groups. Table 3 presents results for measured peak flow. When peak flow was expressed as %predicted, 67.5% of the cohort was categorized as Stage 1, including 40% with %predicted values . 100. In contrast, when peak flow was expressed as an SR percentile, participants were more equally distributed across the five stages, which included only 15.9% at Stage 1. Table 4 provides risk ratios for chronic lung disease, frailty, and the three frailty indicators according to peak flow stage, expressed as %predicted. Although a graded relationship was observed between worsening peak flow and increasing risk for all health status measures, these associations occurred at levels of peak flow currently considered normal or only mild-to-moderately reduced, i.e., at Stage 1 (80-100 %predicted) for chronic lung disease and slow gait, and Stage 2 (50-79 %predicted) for frailty, exhaustion, and inactivity. Notes: *To enhance interpretability, each predictor variable was centered, i.e., for each participant, the mean value was subtracted from the measured value. The resulting intercepts equal the mean peak flow values for ''normal'' men and women, respectively. The p values refer to the significance of the terms within the regression model. Squaring the variables height and age did not improve the fit of the models, as denoted by the R 2 values. SE ¼ standard error; SDR ¼ standard deviation of the residuals; R 2 ¼ the square of the Pearson product moment correlation coefficient. The corresponding results for SR percentile are noted in Table 5 . A graded relationship was also observed between worsening peak flow and increasing risk for all health status measures. However, in contrast to %predicted, significant elevations in risk were only noted at more advanced stages of reduced peak flow, i.e., at Stage 3 (30-49 SR percentile) for slow gait; Stage 4 (10-29 SR percentile) for chronic lung disease, frailty, and inactivity; and Stage 5 (, 10 SR percentile) for exhaustion.
DISCUSSION
In a large cohort of community-dwelling persons 70 years old or older, we found that expressing peak flow as %predicted has serious limitations, whereas the alternative of SR percentile is valid and offers clinical advantages. These findings establish the need for longitudinal studies based on SR percentile to further evaluate the use of peak flow as a risk assessment tool in older persons and to determine if pulmonary function, in general, is better reported in older persons as SR percentile, rather than as %predicted.
As noted earlier, expressing pulmonary function as %predicted lacks an empirical basis in older persons (1, 9) . In fact, when applied specifically to peak flow, we found that the frequency distribution of %predicted is inconsistent with the clinical characteristics of our study population. For example, 40% of our elderly participants achieved a peak flow . 100 %predicted, despite a high prevalence of smoking exposure, chronic lung disease, and indicators of frailty, all factors associated with reduced pulmonary function. Additionally, we found that risk for chronic lung disease and slow gait occurred at a peak flow of 80-100 %predicted, a range commonly interpreted as normal in clinical practice (1, (9) (10) (11) .
In contrast, the SR method placed 46% of our cohort at a peak flow below the 30th SR percentile, including 23% below the 10th SR percentile, a distribution more consistent with the clinical characteristics of our study population. Furthermore, participants were more equally distributed across the five stages of peak flow, with risk for chronic lung disease and slow gait only becoming significant at below the 50th SR percentile for slow gait and below the 30th SR percentile for chronic lung disease. Finally, the SR method is empirically valid as it correctly standardizes peak flow to a constant, namely the standard deviation of the residuals (9).
Our observations are based on high quality data. More than 90% of participants completed (while standing) three peak flow readings with good-to-excellent understanding and minimal variability in effort. Within this context, our results suggest that the more valid approach of reporting peak flow is the SR method, rather than %predicted.
Our predictive equations require comment. Although the proportion of variance in peak flow that was accounted for by the predictor variables of height and age was low at 21% for women and 35% for men, these values, however, are similar to those reported in prior studies (5, 20) . Our findings thus suggest that peak flow variance is attributable to other factors beyond gender, height, and age.
Whether our findings for peak flow are applicable to other measures of pulmonary function is uncertain. The results from prior studies, however, have raised similar concerns about the use of %predicted as a basis for the spirometric diagnosis of pulmonary disorders in older persons (1, 9, 21, 22) .
Conclusion
Among community-dwelling older persons, peak flow is better reported as SR percentile rather than %predicted. Longitudinal studies based on SR percentile are needed to evaluate the use of peak flow as a risk assessment tool in older persons and to determine if pulmonary function, in general, is better reported in older persons as SR percentile, rather than as %predicted.
